A program to obtain reliable photoabsorption cross sections for a broad range of elements has been initiated at Lawrence Livermore National Laboratory. Using wellcharacterized samples, absolute measurements have been made with overall uncertainties of ±10% or less over energy ranges from about 50 eV to several keV, at several synchrotron radiation facilities.
INTRODUCTION
The current state of knowledge of photoabsorption cross sections in the VUV and soft x -ray regions is demonstrably poor. 1,' Specifically, existing data bases have uncertainties as large as a factor of two or more throughout the sub -keV region.' These deficiencies are hardly surprising, since the soft x -ray photoabsorption cross section data bases have been constructed from,c9mbinations of untested theories and a miscellaneous assortment of experimental data.
The acquisition of more and better photoabsorption cross section data is important for the design of x -ray optics instrumentation used for many technologies.
It is also of fundamental significance in understanding the interaction of electromagnetic radiation with matter.
Having reliable photoabsorption cross sections in the soft x -ray region is essential for understanding this basic physical process and a key to elucidating the behavior of atoms, ions, molecules and solids.
In this paper, the absolute photoabsorption experimental cross section (APECS) program is reviewed.
The APECS programliarks a continuation of our previous work wherein laboratory sources were used.
This program represents some of the most extensive use of synchrotron radiation sources.
The APECS program involves measurements at different synchrotron radiation facilities over a broad range of elements as light as beryllium (Z =4) and as heavy as uranium (Z =92) at energies ranging from several tens to several thousands of electron volts.
Four soft x -ray beamlines, including three at the Stanford Synchrotron Radiation Laboratory (SSRL), and one at the Brookhaven National Synchrotron LLight Source (NSLS), provide the VUV and soft x -ray photons used for these measurements." 2.
DISCUSSION OF EXPERIMENTS
Using well-characterized, free -standing, ultrathin targets (1000 -25000 A) in transmission and continuously tunable beams of monochromatic soft x -rays, we are obta¡ping absolute cross -section measurements with overall uncertainties of approximately ±10 %.
A, key to reducing cross -section unrleUr §inties is the fabrication and characterization of stable, pure, multilayer targets and the use of selected prefilters which reduce significant baq grounds such as high -order harmonics or scattered light from the monochromator.
An important aspect of our APECS measurements is the use of redundant data to verify self-consistency.
To this end, we have available several samples per element (in varying thicknesses), a dozen prefilters, up to three mirror /grating combinations per monochromator (with overlapping wavelength regions), and a total of four different monochromators at NSLS and SSRL.
Of equal importance to the absolute accuracy of APECS measurements is the fORrj ation and characterization of multilayer targets discussed elsewhere in this volume. Stable, strong, free -standing foils with carbon surface layers and interlayers of varying thickness (e.g., from 25A to 500 A) and metallic (or other) component layers were characterized for their total as well as component element purity, weight -per -unit area, thickness and composition, using very accurate balances, ion back -scattering, and particle-
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The targets were made in pairs, with one sample having only layers of carbon and the other sample having the elemental foil in the multilayer configuration according to a design suggested by T. W. Barbee, Jr.
The carbon surface layers minimize oxidation particularly when the samples are taken outside protective environments, whereas the carbon interlayers improve the strength, survivability and uniformity of the targets. The elemental layer thicknesses were randomly varied to minimize the reflection from the targets.
The consistency of weight -per-unit -area and elemental thickness measurements, based on three independent measurement techniques, is typically 5% or better.
3.
APECS MEASUREMENT RESULTS
In this section recent APECS results are discussed for carbon (Z =6), nickel (Z =28) and uranium (Z =92).
We are in the process of analyzing our measurements for beryllium, aluminum, silicon, titanium, vanadium, chromium, iron, copper, silver and thorium. These results will be reported elsewhere.
As a first example, our measured photoabsorption cross section for amorphous carbon near the K -edge is shown in Figure 1 .
The measurements arq compared with the theoretical relativistic Hartree -Slater (RHS) results of Scofield and the compilation of Henke as well as an LLNL extension and upgrade of Ref. 3 for low energy cross sections (CSLOW). From Figure 1 it is clear that the experimental results show a broad threshold feature which is not predicted by RHS theory or included in the latest compilations. Excellent agreement, however, is found both above and below this threshold enhancement.
A tentative explanation is that the enhancement is due to a molecular shape resonance, although autoionizing transitions from the is state to unoccupied valence bands in the solid are also possible.
It is apparent that even for K -shell photoabsorption, for so light an element, we need better understanding of the mechanism for this process. Note that this represents the first absolutlg measurement of the photoabsorption cross section of carbon in the vicinity of the K -edge. A much better definition of the sharp is -2p -like autoionizing resonances at energies below the K-ionization threstiigld was observed than that obtained with the plane grating monochromator (PGM) at NSLS.
Note also, the energy grid spacings, typically 1 eV in Figure 1 , are as small as 0.1 eV in Figure 2 .
The SGM resolution at 300 eV is better than 0.25 eV. As a second example in Figures 3 and 4 we show preliminary results for the nickel photoabsorption cross section.
In Figure 3 , the 2p -3d autoionizing resonances are shown followed by extended x -ray absorption fine structure (EXAFS) at energies above the L2 ionization threshold.
These measurements were taken in collaboration with T. W. Barbee, Jr. using aldouple layered-synthetic microstructure (LSM) monochromator with about 6 eV resolution.
We repeated the measurements using the SGM at SSRL with better than 1 eV resolution. 11 Our preliminary SGM results shown in Figure 4 better describe the autoionizing resonant structure for solid nickel.
Note that EXAFS near the L1 edge (at 1008.6 eV) in Figure 3 may account for some of the broadening in the observed spectrum of There is, however, excellent agreement at energies greater than 5Q eV above the L3 absorption edge with the RHS atomic theory of Scofield, the Henke Tables and the data base upgrade derived from reference 3 (CSLOW).
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The Henke Compilation in this region is based on the experimental work of Cukier et al. 18 There is qualitative agreemenit) of the APECS experiment with the previous experiment and with the calculation, although this calculation shown in Figure 5 is in significantly better agreement with the present experimental values than with the earlier measured values.
The single particle RHS model, which does not include autoionizatiop.or other many -body effects fails to reproduce the uranium resonance even qualitatively.
A more recent calculation19 is compared with the APECS measurement in Figure 6 . This calculation narrows the gap between experiment and theory.
It is based on a relativistic time -dependent local density approximation (TDLDA) for a single uranium atom embedded in a spherical drop of jellium.
The calculated peaks were shifted 6 eV to higher energies for comparison with experiment. As a third example, the photoabsorption cross section for uranium, in the region of the 5d-5f giant resonance, is shown in Figure 5 along with the RHS theory, the Henke Compilation, and the local density random phase approximation (LDRPAJ calculation of Wendin, 1 ' The Henke Compilation in this region is based on the experimental work of Cukier et al.
There is qualitative agreement of the APECS experiment with the previous experiment 18 and with the calculation,' although this calculation shown in Figure 5 is in significantly better agreement with the present experimental values than with the earlier measured values. The single particle RHS model, which does not include autoionizatiooor other many-body effects, fails to reproduce the uranium resonance even qualitatively. A more recent calculation 19 is compared with the APECS measurement in Figure 6 . This calculation narrows the gap between experiment and theory. It is based on a relativistic time-dependent local density approximation (TDLDA) for a single uranium atom embedded in a spherical drop of jellium. 19 The calculated peaks were shifted 6 eV to higher energies for comparison with experiment. 
CONCLUDING REMARKS
In response to the inadequate data situation, we have embarked on a program to obtain reliable absolute photoabsorption experimental cross sections for a broad range of elements.
Preliminary results have been obtained for Be, C Al, Si, Ti, V, Cr, Fe, Ni, Cu, Ag, Th and U, whereas future plans include measurements of B, Mg, Mn, Co and Ge. The availability of new and better data is expected to greatly improve our current state of knowledge of photoabsorption cross sections in the VUV and soft x -ray regions.
Among the interesting phenomena observed are the resonances /enhancements which seem to accompany virtually every inner shell threshold for a broad range of elements. Two of the light elements have broad, as yet unexplained resonances extending out some tens of eV above their respective K-absorption edges.
Some sug gg" stt ons as to the origin of this structure in amorphous carbon have been put forward.'" A study of the preliminary results for the 2p -3d autoionizing resonances of five transition metal § promises to provide a valuable benchmark for testing the predictive capability of theory.
Furthermore, substantial theoretical improvements were initiatedl3nigesponse to new and better experimental data for one or more of the actinides.
Plans have been made to incorporate new and better experimental data in the extensively used VUV and soft x -ray tables by Henke'.
Substantial theoretical and compilation improvements resulting from reliable VUV and soft x -ray experimental cross sections should greatly advance the design of x -ray optics instrumentation.
Conversely, the design of advanced x -ray optics instrumentation should increase the reliability of measured photoabsorption cross sections and thus improve our understanding of the interaction of electromagnetic radiation with matter.
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